Background: Improving medication appropriateness is a priority of French national campaigns in nursing homes. A pilot study was conducted to evaluate the impact of a medication review in a French nursing home with a 3-month follow up. Method: A medication review was conducted in 2015 using version 2 STOPP and START criteria. The number and type of drugs meeting a STOPP that were reintroduced and the number and type of drug meeting a START that were stopped during follow up were measured. An expert committee adjudicated whether 3-month hospitalizations and deaths were related to medication review. The impact of medication review on the cost related to drug consumption was calculated for 3 months. Results: The 52 residents (age 84 ± 9 years, 83% female) fulfilled, on average, 2 ± 1.4 of the STOPP criteria and 0.7 ± 0.6 of the START criteria. A total of 101 drugs were stopped and 34 drugs were started. Five deaths occurred during follow up and were judged as not related to medication review. Five drugs stopped were reintroduced in five residents for a rebound effect or a symptom occurrence and one resident had stopped a START medication (aspirin) for a minor adverse drug reaction. At 3 months, a gain of 20.21 ± 31.34 euros per resident was observed. Conclusion: The medication review using version 2 STOPP and START criteria and involving the physician in charge seems useful for detecting and correcting inappropriate prescribing in a nursing home.
Introduction
Inappropriate prescribing is common for older people living in nursing homes in all Western countries 1,2 including France. [3] [4] [5] It encompasses both potentially inappropriate medications (PIMs, e.g. drugs or association of drugs with an unfavorable risk/benefit ratio) and potential prescription omissions (PPOs). The use of PIMs in residents was found to be associated with subsequent serious adverse outcomes (hospitalization, emergency visits and deaths). 6, 7 A recent systematic review found that the prevalence of PIM use varied widely from 18.5% to 82.6% of residents and PPOs from 30.5% to 74%, even among studies with similar characteristics. The authors concluded that 'future policies should promote 
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systematically executed medication reviews to make them standard practice in residential longterm care facilities. ' 8 In France, a program of the French National Authority for Health that related to the quality and safety of drug prescription in older people was developed in collaboration with the French Geriatrics Society. 9 This program was influenced by the publication of the Assessing Care of Vulnerable Elders criteria, 10 and consisted of providing tools to physicians, whatever their setting of practice, to perform a medication review in multimorbid older people. This medication review is recommended annually or in the occurrence of a new medical problem.
Indeed, medication review may help professionals to identify, to resolve drug issues and finally, to improve medication appropriateness. 1 The Screening Tool of Older Person's Prescriptions (STOPP) and Screening Tool to Alert doctors to Right Treatment (START) criteria aim at identifying PIMs and PPOs. 11 This set of European criteria, based on current clinical evidence and consensus opinions, is currently considered the most relevant, explicit tool for identifying inappropriate prescribing. [12] [13] [14] After a medication review using version 1 STOPP and START criteria, Frankenthal and colleagues 15 found a significant reduction in both PIMs and PPOs which was sustained at 6 and 12 months. In 2014, the version 2 of the STOPP and START criteria was published, differing substantially from the version 1. 16 To our knowledge, there is no published study which assesses whether its use in a nursing home is associated with a sustained impact on inappropriate prescribing.
In 2015, we decided to use version 2 STOPP and START criteria to perform the annual medication review recommended by the French National Authority for Health. A pilot study was conducted to check sustainability of the STOPP and START criteria at 3-month follow up.
Methods

Setting and participants
A prospective observational study was conducted in a French urban publicly funded nursing home attached to the Hospital of Montfermeil. This nursing home has 53 beds, including an Alzheimer unit with 10 beds. Two geriatricians (AS, RA) have the residents in charge and the hospital pharmacist (WT) analyzed drug prescription after each therapeutic change with a clinical decision support system. All prescriptions are computerized. Drug dispensing is weekly, automated, and nominative.
Medication review
To improve professional practices, a drug prescription review is implemented every year since 2015. This medication review is conducted by an expert geriatrician (MLGD) with one of the two physicians (AS, RA) and the pharmacist (WT) in charge of the residents. The expert geriatrician is not usually in charge of the residents. The resident's nurse is interviewed prior to the review about medication administration: help with taking medication, crushing medication, and resident comments about their medication. This interview is qualitative. The medication review is performed from the electronic medical record of each resident using version 2 STOPP and START criteria. For each detected criterion, the team composed of the expert geriatrician, one of the physicians and the pharmacist confirmed, collegially, the presence or not of inappropriate prescribing. In a second step, medication prescription could be also improved out of the STOPP and START criteria using the expert clinical knowledge of the team. Once a year, the team meets 1 hour each week and examines, on average, six prescriptions. The medication changes are decided collegially during the review and proposed to the residents by the geriatrician in charge of them. Palliative care residents are excluded from the medication review.
In 2015, the medication reviews were prospectively conducted from 14 January 2015 to 18 March 2015. A pilot study was conducted from 14 January 2015 to 17 June 2015 to evaluate the impact of the medication review 3 months afterward. Opposition of the resident (or of his legal representative) to the collection of his personal data was recorded. Table A1 in the Appendix) per prescription, the number and type of STOPP and START criteria and the associated therapeutic changes (stop, withdrawal and start of drugs). Others drug changes following medication review but not related to STOPP and START criteria were also collected in order to present all therapeutic changes resulting from medication review. The geriatrician (MLGD) checked the data collection for accuracy or any data entry error.
Version 2 STOPP and START criteria
Primary outcome measures
Outcome measures included the number and type of drugs meeting a STOPP at baseline and reintroduced at 3 months and the number and type of drugs meeting a START at baseline and stopped during follow up. These outcomes were measured at exactly 3 months of the medication review for each resident using the electronic medical record. The reasons for changes were collected through the medical record and interview of the physician in charge of the resident. The maintenance of drugs changes following medication review but not associated with STOPP and START criteria was also assessed.
Secondary outcome measures
Secondary outcome measures were:
(1) The number of drug adverse events, deaths and hospitalizations occurring during the 3 months follow up that could be related to drug changes performed during the medication review. For each resident and for each stopped or introduced drug, the pharmacist has researched its cost per dose and its cost per day; then she calculated the sum of the stopped drugs over 3 months by taking into account its cost per day and its possible date of resumption; she calculated the sum of the introduced drugs over 3 months by taking into account its cost per day and its possible date of stop. The cost saving was the difference between the sum of the stopped drugs and the sum of the introduced drugs for 3 months. 
Statistical analysis
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Quantitative variables are expressed as means and standard deviation.
Ethics
Ethical approval is not required for such studies at our institution.
The study objectives, procedures, and the observational design have been explained in lay language to potential participants or their carer (in case of severe dementia). In particular, they have been informed that they could refuse to participate. The nonopposition of the patient or their carer to participate was notified in the medical chart.
Results
Study population
The flow chart of the study is presented in figure 1 Fifty-three residents were living in the nursing home at the time of the study; one resident died before his medication review. No resident (or legal representative) was opposed to the collection of his personal data. A total of 52 residents were included: 43 women and 9 men, mean age 84 ± 9 years (minimum-maximum: 59-102). Their baseline medical characteristics are presented in Table 1 .
Baseline prescriptions
Their medications are presented in Table 2 .
A mean of 8.5 ± 3.5 medications (minimummaximum: 2-18) were prescribed per resident and 39 (75%) residents were taking 7 medications or more.
A mean of 1.6 ± 1.2 psychotropic drugs (minimum-maximum: 0-4) were prescribed per resident and 12 (23%) residents were taking 3 psychotropic drugs or more.
Inappropriate prescribing at baseline according to STOPP and START criteria STOPP criteria. The residents fulfilled on average 2 ± 1.4 STOPP criteria (minimum-maximum: 0-6). The most frequent STOPP criteria were the drug prescribed beyond the recommended duration (A2), the drug prescribed without indication (A1), and duplication in a drug class (A3). Type, prevalence, and drugs meeting the criteria are detailed Table 3 .
One hundred and three drugs met a STOPP criterion. The most frequently met drug classes were: nervous system (n = 39), alimentary tract and metabolism (n = 34) and cardiovascular system (n = 14).
START criteria. The residents fulfilled on average 0.7 ± 0.6 START criteria (minimum-maximum: 0-2).
A total of 30 (57.7%) residents had at least 1 START criterion: 26 (50%) residents had 1 START criterion and 4 (7.7%) residents had 2 START criteria.
The most frequent START criteria were the lack of vitamin D supplement (E5) in almost half of cases and lack of antihypertensive therapies despite proven hypertension (A4). See details in Table 4 .
Drug changes following medication review Drug changes according to STOPP and START criteria.
One resident refused to stop two drugs meeting STOPP criteria (proton-pump inhibitor and nifedipine).
All the others drugs meeting STOPP criteria were stopped [n = 101, 34 (34%) drugs classified in the 'alimentary tract and metabolism' ATC class, 40 (40%) in 'nervous system,' 15 (15%) in 'cardiovascular system,' 5 (5%) in 'respiratory system,' 4 (4%) in 'blood and blood-forming organs,' 3 (3%) in 'musculoskeletal system'] or were prescribed a decreased dosage in the case of a weaning-off perspective (n = 7, 4 hypnotic Z drugs, 1 benzodiazepine and 2 neuroleptic drugs).
According to START criteria, 34 drugs were started: 28 (82%) vit D3 supplements, 4 (12%)
journals.sagepub.com/home/taw 5 
(2%)
Corticosteroids for systemic use Prednisone (H02AB07) 1
Thyroid therapy Levothyroxine sodium (H03AA01) 6
Antineoplastic and immunomodulating agents 1 (<1%)
Endocrine therapy Bicalutamide (L02BB03) 1 
Sensory organs 1 (<1%)
Ophthalmologicals Timolol (S01ED01) 1
Total 439
HMG-CoA, beta-hydroxy beta-methylglutaryl coenzyme A. antihypertensive drugs, 1 (3%) low-dose aspirin and 1 (3%) antidepressant.
Drug changes according to medication review out of STOPP and START criteria.
Additional drug changes were prescribed following medication review out of the correction of STOPP and START criteria (see Table 5 ).
Maintenance of drug changes at 3 months
Among the remaining 46 patients, 5 drugs stopped were reintroduced in 5 residents at 3 months due to rebound effect or symptom occurrence:
(1) Digestive symptoms 1 week after stopping proton-pump inhibitor treatment (n = 1), and 4 weeks after stopping sodium alginate treatment (n = 1); (2) Pain 12 weeks after stopping paracetamol (n = 1); (3) Sleep disorder 6 weeks after stopping mianserin (n = 1); (4) Hypokalemia 6 weeks after the stop of potassium supplement (n = 1).
Only one resident had stopped a START medication at 3 months: aspirin was stopped 2 weeks after its start due to adverse drug reaction (rectal bleeding in the context of hemorrhoids) that then resolved once stopped.
Four other drug changes were not maintained: decreased dosage of proton-pump-inhibitor treatment and of loop diuretic were not maintained due to rebound effects after 1 week and 2 weeks, respectively. The two increased dosages of mianserin were not maintained due to swallowing disorders in one case, and palliative care with impossible oral medication administration for the other case.
Adverse outcomes during follow up
Five residents died before the 3-month re-evaluation: three died in the nursing home (two in the context of palliative care, and one from pneumonia) and two residents died during an emergency hospitalization (one for stroke, one for pneumonia). There was no other resident hospitalization during the follow up. The characteristics of the residents who died are detailed in the Table 6 . The expert committee concluded that no death was related to drug changes induced by the baseline medication review.
Evolution of drug-consumption-related cost at 3 months
At 3 months, the cost saving was 20.21 ± 31.34 euros per resident with a total cost saving of 949.78 euros at the nursing-home level.
Discussion
Among the prescriptions of 52 consecutive residents of a French hospital-based nursing home, the prevalence of version 2 STOPP and START criteria assessed during a pharmacist-and geriatrician-conducted comprehensive review were high: 86.5% of the residents fulfilled at least one Table 3 . STOPP criteria at baseline: type, prevalence and drugs meeting the criteria. Table 4 . START criteria at baseline: type, prevalence and drugs meeting the criteria. STOPP criterion, the two most frequent being a proton-pump inhibitor prescribed without an evidence-based clinical indication and the duplication of antidepressants; and 57.7% of the residents fulfilled at least one START criterion, the two most frequent being the lack of vitamin D supplement and the lack of antihypertensive therapies despite proven hypertension. According to the medication review, 101 drugs were stopped (mostly those related to alimentary tract and central nervous system) and 34 started (mostly 25-OH vitamin D3 supplements and antihypertensive therapies). At 3 months, these changes were mainly maintained: only five drugs among those stopped (4.9%) were reintroduced, due to rebound effect or symptom occurrence, and one aspirin among drugs started (2.9%) was stopped due to nonserious hemorrhage.
STOPP criteria
START criteria
The prevalence of PIMs and PPOs were higher than those described in previous studies conducted in nursing homes. According to the most Table 5 . Drug changes following medication review out of the correction of STOPP and START criteria.
Type of drug change Details
Drug switches (n = First, the studies included in these reviews were conducted using version 1 STOPP and START criteria, which differ widely from the version 2. Indeed, 12 STOPP criteria were removed from version 1, and 16 were added in the second version. 16 A study comparing assessment of the prevalence of PIMs according to version 1 versus version 2 has found that the level of agreement between them was moderate; the sensitivity to detect PIMs being significantly improved in the updated version. 18 Thus, our PIM prevalence is close to those found in 57 Belgian nursing homes using the same version (88.3%). 19 Regarding START criteria, 3 were removed, and 15 were added in the second version that could explain how our prevalence of PPOs was often higher than those previously described with version 1; however, it remained lower than that described in Belgian nursing homes (57.7% versus 85%). 19 Second, the prevalence of inappropriate prescribing assessed by STOPP and START differed between countries, with European countries having higher prevalence than those elsewhere and from the period of study, and with higher prevalence in recent studies. 2 Finally, the method of medication review may influence the number of detected STOPP and START criteria. However, our medication review was based mainly on medical records whose use is usually associated with a lower detection of STOPP and START criteria comparatively with review performed without. 20 Considering the drugs and type implicated in inappropriate prescribing, PIMs without indication were previously described as one of the most frequent PIMs in nursing homes. 8, 17 Inappropriate use of psychotropic drugs has also been described as a major problem in all studies conducted in nursing homes. However, it was usually the benzodiazepines first meeting STOPP criteria. 8, 17, 19 Surprisingly, benzodiazepines were only the 'second class' of psychotropic drugs meeting STOPP criteria in our study (8/103 STOPP), antidepressants being the first (12/103) due mainly to duplication of antidepressants. Antidementia drugs were also almost twice as involved in the inappropriate prescriptions than neuroleptics (11/103 versus 6/103). These results could be explained by the fact that the national health plan is focused on the reduction of benzodiazepines and neuroleptics, especially in older people and in demented people, 9 with specific actions led in nursing homes by the French national health insurance. The reduction in the use of these two drug classes could have led to switches toward antidepressants and antidementia drugs as described previously, 21, 22 explaining why inappropriate prescribing of antidepressants and antidementia became more frequent in residents. Regarding the START criteria, we found the lack of vitamin D supplements was commonly described as the major PPO in previous studies conducted in nursing homes.
Concerning the maintenance of drug change following medication review using STOPP and START criteria, previous studies suggested that significant improvements in prescribing appropriateness were sustained during follow up varying from 6 to 24 months. 15, [23] [24] [25] However, inappropriate prescribing was assessed using version 1 STOPP and START criteria in all these studies; only one was performed in nursing homes 15, 23 and medication review was performed by a pharmacist, 23 a physician, 24 or a geriatric team 25 making recommendations to the physician in charge who could accept/reject the drug changes. Our study is the first to investigate the maintenance of drug changes following a medication review using version 2 STOPP and START criteria and performed by a team integrating the physician in charge of the residents. The low rate of STOPPand START-related drugs, respectively, restarted (4.9%) or stopped (2.9%) at 3 months in our study suggesting that the large majority of the drug changes performed were pertinent. This is reinforced by the lack of adverse outcomes related to these drug changes during follow up, with the Another interesting point is that the large majority (57.3%) of the PIMs detected in our study was related to the first two STOPP criteria (any drug prescribing without an evidence-based clinical indication and any drug prescribed beyond the recommended duration) which are more implicit than explicit criteria. This finding reinforces the need for a medication review based on medical records and performed with the physician in charge of the residents. At least, our economic analysis tended to demonstrate the effectiveness of the version 2 STOPP and START criteria, as it was previously demonstrated for version 1 of the tool. Further studies are needed to explore this health economic relevance by considering direct and indirect health costs.
Our study has several strengths: a prospective design with no loss to follow up; an original medication review (using version 2 STOPP and START criteria and associating nurse and physician in charge of the patients); and a follow up that included analysis of adverse patient outcomes and their relationship to drug changes at medication review. The limits of our study are: a small number of residents in a single center, limiting the generalizability of the findings; a short follow up; a restricted economic analysis (focused only on costs related to drug consumption); and the lack of analysis of the impact of the medication review on the quality of life of residents.
Conclusion
The findings of our study confirm that inappropriate prescribing is highly prevalent in nursing homes. It is suggested that medication review using version 2 STOPP and START criteria is useful for detecting and correcting inappropriate prescribing to that which would be sustainable and efficient. However, the most frequent STOPP criteria were closely related to drug indication and duration, suggesting that medication review should be based on the medical record and performed in association with the physician in charge of residents.
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